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(57) A method for preparing a solid catalyst compo- 
nent (A) for olefin polymerization comprising Mg, Ti, a 
halogen and a cyclic organic nitrogen compound (C), a 
solid catalyst comprising the solid catalyst corrponent 
and an organoaluminum compound, and a process for 
producing an olefin polymer with the catalyst 

According to the present invention, there can be 
provided an olefin polymerization catalyst having a high 
catalyst activity per titanium enough to make the 
removal of catalyst residues unnecessary and a proc- 
ess for producing an olefin polymer having a low content 
of low molecular weight component with the catalyst 
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Description 

Method for preparing catalyst component for olefin polymerization, catalyst for olefin polymerization and process 
for producing ol^in polymer with the catalyst 

5 The present invention relates to a method for preparing a catalyst component for olefin polymerization, a catalyst 
for olefin polymerization and a process for producing an olefin polyma*. More particulariy. the present invention relates 
to a method for preparing a catalyst component for olefin polymerization and a catalyst for olefin polymerization com- 
prising the solid catalyst component having an extremely high activity per titanium in a gas phase polymerization or 
slun7 polymerization process, and a process for producing an olefin polymer containing a small amount of lower molec- 

10 ular weight components using the catalyst. Further, the present invention relates to a process for producing an olefin 
polymer having a good flowability which has a high bulk density and contains a small amount of fine powders. 

It is needless to say that high activity of the catalyst used in production of an olefin polymer, especially high activity 
per transition metal provides industrially extremely high utility value since it eliminates necessity to remove catalyst res- 
idues from the polymer obtained after polymerization and can simplify the production procedures of the polymer. 

15 On the other harxl, since a lot of adhesion to a polymerization vessel produces a variety of difficulties in operation 
and reduces operation effidency, it is desirable that the adhesion to the polymerization vessel is as little as possible. 
From the viewpoints of operation stability and operation efficiency, it is desirable that a polymer powder has high bulk 
density, narrow particle size distribution and excellent flowability. Further, since existence of lower molecular weight 
components is a factor which controls transparency, impact resistance, blocking property of a film and the like, it is pref- 

20 erable to produce an olefin polymer containing a small amount of lower molecular weight components. 

Recently, rapid progress has been made with respect to polymerization activity by combination of a magnesium 
compound and a titanium compound in the field of catalysts for olefin polymerization (JP-B-47034092(1971), JP-B- 
47041676(1972), US-A-4,223,1 17 and GB-B-1 ,498,862). However, the olefin polymers produced by using these cata- 
lyst systems are not satis^ctory in the points of particle property and blocking property. 

25 Further, it is disclosed that a highly crystalline polymer can be obtained with high activity by treatment with an oxy- 
gen-containing electron donor or the like such as an ester and the like as an internal donor In stereoregular polymeri- 
zation of propylene (JP-B-52039431(1977), JP-B-52036786{1977). US-A-4,41 2,049 and US-A-4,672,050). However, 
the olefin polymers produced by copolymerization of ethylene with a-olefin using these catalyst systems also are not 
satisfactory in the points of particle property and blocking property as described abK>ve. 

30 On the other hand, for reducing lower molecular weight components in the polymerization of ethylene, there is dis- 
closed a catalyst system comprising a solid component obtained by the reaction of a magnesium halide compound with 
a titanium amide compound and an organic aluminum compound (JP-B-47042037(1972). JP-B-540091 54(1 979), JP- 
B-5601 4686(1 981), EP-A-320169 and JP-A-06228223(1994)). like). However, also when copolymerization of ethylene 
witii an a-olefin is conducted using these catalyst systems, particle property and blocking property are not sufficient yet. 

35 Furtiier, as the other process for reducing lower molecular weight components In the polymerisation of ethylene, 
there are disclosed polymerization processes in which an organoaluminum compound and a cyclic nitrogen containing 
compound as an external donor are added in polymerization using a solid catalyst comprising a magnesium compound 
and a titanium conpound (JP-A-6021 2408(1985). JP-B-06053777(1994), JP-B-060701 07(1 994), and JP-A- 
06220118(1994)). 

40 However, also when copolymerization of ethylene with a-olefin is conducted using these processs. particle property 
and k}locking property are not necessarily sufficient. 

An object of tiie present invention is to provide a solid catalyst component and catalyst for olefin polymerization 
having a high catalyst activity per titanium enough to make the removal of catalyst residues unnecessary, and a process 
for producing an olefin polymer containing a small amount of lover molecular weight component by using the catalyst. 

45 This object could surprisingly be achieved with a specific solid catalyst component containing a cyclic organic nitro- 
gen compound. 

The present invention provides a method for preparing a solid catalyst component (A) for olefin polymerization 
comprising Mg, Ti, a halogen and a cyclic organic nitrogen compound (C). 

Furtiier, the present invention also provides a catalyst for olefin polymerization comprising the solid catalyst com- 
50 ponent (A) described above and an organoaluminum compound (B), and a process for producing an olefin polymer with 
said catalyst. 

The present invention will be described specifically below. 

The solid catalyst component (A) prepared in the present invention comprises Mg, Ti, a halogen and a cyclic 
organic nitrogen compound (C). The cyclic organic nitrogen compound (C) used in the present invention is preferably a 
55 3 to 8-membered cyclic organic nitrogen compound, more preferably a 5 to 6-membered cyclic organic nitrogen com- 
pound. Anrang them, piperidine. pyrrolidine and derivatives thereof are preferable. Piperidine and piperidine derivatives 
are more preferable. The specific example of piperidine and piperidine derivatives include piperidine. N-methylpiperid- 
ine. 2,6-dimethylpiperidine, 3,5-dimethylpiperldine, N-methyl-2.6-dimetiiylpiperidine. N-methyl-3.5-dimethylpiperidine. 
2.2.6-trimetiiylpiperidine, 2,2,6,6-tetrametiiylpiperidine, N-methyl-2.2.6,6-tetramethylp iperidine, 2,2,4,6,6-pentamethyl- 
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piperidine, 4-acetyloxy-2.2,6,6-tetraniethytpiperidine and compounds represented by the following formulae : 




and 



The specific example of pyrrolidine and pyrrolidine derivatives includes pyrrolidine, N-methylpyn'olidine, 2,5-dimeth- 
ylpyn'olidlne, N-methyl-2,5-dimethytpyrrolidine, 3,4-dimethylpyrrolidine. N-methyl-3.4-dimethylpyrrolidine, 2,2,5-trimeth- 
ylpyn^olidine, 2,2.5.5-tetramethylpynrolidine, N-methyl-2,2,5,5-tetramethylpynrolidine and compounds represented by 
the following formulae : 



(A) solid catalyst component 

The solid catalyst component prepared in the present invention comprises Mg. Ti, a halogen and a cyclic organic 
nitrogen compound (C), and the example of its composition formula preferably includes MgmTiXp[Py]q (wherein X is a 
halogen atom. Py is a cyclic organic nitrogen compound, m, p. q are numbers satisfying inequalities 1^m^51.5^p 
< 106, 0.1 ^ q ^ 10 and m < p). 

In the present invention, preparation of the solid catalyst component is carried out by reacting a solid catalyst com- 
ponent precursor (D) containing Mg, Ti and OR group (wherein R represents a hydrocarbon group having 1 to 20 car- 
bon atoms) with a mixture of a cyclic organic nitrogen compound (C) and a titanium conrpound (E) having at least one 
Ti-halogen bond, a mixture of a cyclic organic nitrogen compound (C). a titanium compound (E) having at least one Ti- 
halogen bond and an electron donative compound, or with a cyclic organic nitrogen compound (C) and a titanium com- 
pound (E) having at least one Ti-halogen bond successively, or a cyclic organic nitrogen compound (C) and a mixture 
of a titanium compound (E) having at least one Ti-halogen bond and an electron donative compound successively 

The solid catalyst component precursor (D) is a solid containing Mg, Ti and OR group (wherein R indicates a hydro- 
cart}on group having 1 to 20 cartx>n atoms), and can be obtained by the method for preparing a catalyst component 
disclosed e.g. in JP-B-4301 3050(1 968). JP-Bh46034098(1971). JP-B-46034092(1971) and JP-A-49086483(1974). or 
the method for preparing a solid product by reduction of an alkoxy titanium compound with an organomagnesium com- 
pound disclosed in J P- 8-03043283(1 991). Further, for obtaining a solid containing Mg, Ti and OR group fixed on tiie 
porous organic polymer as tiie precursor (D), the above-described method is conducted in the presence of the porous 
organic polymer. Among these solid catalyst component precursors (D). the most preferable precursor is the solid prod- 
uct obtained by reduction of an alkoxy titanium compound witii an organomagnesium compound ( in the presence of 
the porous organic polymer) disclosed in JP-B-03043283(1991). 
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Preparation examples of the solid catalyst component precursor (0) using this solid product and the solid catalyst 
component (A) are explained below. 

(a) AlKoxy titanium compound 

5 

The alkoxy titanic compound is represented by the general fomiula Ti(0R^)aX4.a(R^ is a hydrocarbon group having 
1 to 20 cartxDn atoms, X is a halogen atom, a is a number satisfying an inequality 0 < a < 4). 

The specific example of includes an alkyi group having 1 to 20 cartx)n atoms such as methyl, ethyl, n-propyl. 
iso-propyl, n-butyl, iso-butyl. n-amyl, iso-amyl. n-hexyl, n-heptyt. n-octyl. n^ecyl and n<iodecyl. an aryl group having up 
10 to 20 cart>on atoms such as phenyl, cresyl, xylyl and naphtyl, a cydoalkyl group having up to 20 carbon atoms such as 
cydohexyl and cydopentyl. an altyl group such as propenyl . and an aralkyi group having up to 20 carbon atoms such 
as benzyl. 

Among these compounds, an alkyI group having 2 to 18 cartxsn atoms and an aryl group having 6 to 18 carkx>n 
atoms ace preferable. A titanium compound having different OR^ groups of 2 or more may also be used. 
15 The halogen atom represented by X includes chlorine, bromine and iodine. Especially chlorine gives a preferable 
result. 

The numerical value of "a" in the titanium compound r^resented by the general formula Ti(0R^)aX4.a is defined 
by an inequality 0 < a ^ 4, preferably by an inequality 2 ^ a ^ 4. particularly preferably by an equation a = 4. 

The titanium compound represented by the general formula Ti(OR^)aX4.a can be prepared by a known method. For 
20 example, a method in which Ti(OR^)4 and TiX4 are reacted in a predetermined ratio or a method in which TiX4 is 
reacted with corresponding alcohols in a predetermined amount, may be adopted. 

(b) Organic silicon compound having Si-O bond 

25 In reducing an alkoxy titanium compound with an organomagnesium compound, it is preferable that an organic sil- 
icon compound having an Si-O bond coexists This organic silicon conpound having an Si-O bond includes compounds 
represented by the following formulae: 

Si(OR\RVb: 

30 

R5(R^2SiO)cSiR^3 ; and 
(R^2SiO)d 

35 (wherein R^ is a hydrocarbon group having 1 to 20 cartoon atoms, each of R^. R^. R^, R^ and R® is a hydrocart)on group 

having 1 to 20 carbon atoms or a hydrogen atom, b is a number satisfying an inequality 0 < b ^ 4. c is an integer from 

1 to 1000. d is an integer from 2 to 1000) 

The specific examples of the organic silicon compound include tetramethoxysilane, dimethyldimethoxysilane, tetra- 

ethoxysilane, triethoxyethylsilane, diethoxydiethylsilane, ethoxytriethylsilane, tetra-iso-propoxysilane, di-iso-propoxy-di- 
40 iso-propylsilane. tetrapropoxysilane, dipropoxydipropylsilane, tetra-n-butoxysilane, di-n-butoxy-di-n-butylsilane, dicy- 

clopentoxydiethylsilane. diethoxydiphenytsilane. cyclohexyloxytrimethylsilane, phenoxytrimethylsilane, tetraphenoxysi- 

lane, triethoxyphenylsilane. hexamethyldisiloxane. hexaethyldisiloxane. hexa-n-propy(disiloxane, octaethyltrisiloxane. 

polydimethylsiloxane, polydiphenylsiloxane, polymethylhydrosiloxane and polypheny Ihydrosiloxane. 

Among these organic silicon compounds, an alkoxy silane compound represented by the general formula 
45 Si(OR^)t^RVb is preferable and b is preferably 1 ^ b ^ 4. and especially, an tetraalkoxysilane compound in which b » 4 

is preferable. 

(c) Organomagnesium compound 

50 As the organomagnesium compound, any type of organomagnesium compound having a magnesium-carbon bond 
can be used. Espedaily, a Grignard compound represented by the general formula R^MgX (wherein R^ indicates a 
hydrocarbon group having 1 to 20 cartxHi atoms, and X indicates an halogen atom) and a dialkylmagnesium compound 
or a diarylmagnesium compound represented by the general formula R^^R^ ^ Mg (wherein each of R**^ and R^ ^ indicates 
a hydrocartx>n group having 1 to 20 carbon atoms) are suitably used. Here. R^^ and R^^ may be the same or different. 

55 The specific example of R® to R"""" indudes an alkyl, aryl, aralkyi and alkenyl group having up to 20 carbon atoms such 
as methyl, ethyl, n-propyl. iso-propyl, n-butyl, sec-butyl, tert-butyl, iso-amyl. n-hexyl, n-octyl. 2-ethylhexyl, phenyl and 
benzyl. 

Espedaily, the Grignard compound represented by R^MgX is preferably used in an ether solution in the point of cat- 
alyst eff idency. 
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There may also be used a hydrocartwn soluble complex composed of the above-described organomagnesiun com- 
pound and an organometallic compound which solubilizes the organomagneslum compound into hydrocartjon. The 
example of the organometallic compound includes organic compounds of Li. Be, B, Al or Zn. 

Further, in the other preferable embodiment of the present invention, the above-mentioned solid catalyst compo- 
5 nent is that which is obtained by fixing Mg, Ti. halogen and the cyclic organic nitrogen conrpound (C) on an porous 
organic polymer. In this case, the following porous organic polymers are used. 

(d) Organic porous polymer 

10 The organic porous polymer used for a carrier in the present invention preferably has porous particle form such as 
porous polymer beads, and includes styrene polymers, acrylate polymers, methacrylate polymers, acrylonitrile poly- 
mers, vinylchloride polymers and olefin polymers. 

More specifically, there are illustrated polystyrene, styrene-divinylbenzene copolymer, styrene-N.N-alkylene 
dimethacrylamide copolymer, styrene-ethylene glycol dimethacrylate copolymer, polymetiiylacrylate. polyethylacrylate. 

IS methylacrylate-divinyibenzene copolymer. ethylaaylateKlivinylbenzene copolymer, polymethylmethacrylate, methyl- 
methocrylate-divinylbenzene copolymer, polyethylene glycol dimethacrylate, polyacrylonitrile. acrylonitrile-divinylben- 
zene copolymer, polyvinylchloride. polyvinylpyrrolidine. polyvinylpyridine, ethylvinylbenzene-divinylbenzene copolymer, 
polyethylene, ethylene-methylacrylate copolymer and polypropylene. 

Among these organic porous polymer, styrene polymers, vinyl chloride polymers, olefin polymers or acrylonitrile 

20 polymers are preferably used, and polystyrene, styrene-divinylbenzene copolymer and polyvinyl chloride are more pref- 
erably used. 

The weight average particle size (hereinafter, referred to simply as "average particle size") of the organic FX)rous 
polymer used for carrier is from 5 to 10CX)^im, preferably from 10 to SOO^im. particularly preferably from 15 to 200nm. 
The micro pore volume of the organic porous polymer tor the micro pore radius of 100 to 5000A is preferably not less 
2S than 0. 1 cc/g, more preferably not less tiian 0.2 cc/g. particularly preferably not less than 0.3 cc/g. When ttie micro pore 
volume of tiie organic porous polymer is too small, a catalyst component can not be effectively supported. Even if tiie 
micro pore volume of the organic porous polymer is not less than 0.1 oc/g, a catalyst component can not be effectively 
supported unless ttie pore volume is the one in the micro pore radius of 100 to 5000A. 

30 (e) Synthesis of solid catalyst component precursor (D) 

Reduction of a titanium compound (a) with an organomagneslum compound (c) can be carried out. for example, by 
adding tiie organomagnesium compound (c) to the titanium compound (a) or a mixture of the titanium compound (a) 
and the organic silicon compound (b), or inversely adding the titanium compound (a) or the mixture to the organomag- 
35 nesium compound (c). It is preferable to use the organic silicon compound (b) in the reduction. 

When the organic porous polymer (d) is used, it is preferable to carry out the above-described operation in the pres- 
ence of the organic porous polymer (d). Deposition of solid due to the reduction occurs on the organic porous polymer 
particle and thus obtained solid product maintains the form of tiie organic porous polymer. And, it is preferable that tiie 
solid product contains no fine powder. 
40 It is preferable that the titanium compound (a) and the organic silicon compound (b) are dissolved or diluted in an 
appropriate solvent to be used. Besides, when the organic porous polymer (d) is used, this operation is carried out in 
the presence of the polymer (d) or the polymer (d) is added to tiie resulting mixed liquor. 

As tills solvent, tiiere is used an aliphatic hydrocarbon such as hexane, heptane, octane or decane, an aromatic 
hydrocarbon such as toluene or xylene, an alicyclic hydrocarbon such as cyclohexane. methylcyclohexane or decalin. 
45 or an ether compound such as diethyl ether, di-n-butyl ettier, diisoamyl ether or tetrahydrofuran. 

The reduction temperature is preferably from -50 to 70 '^C, more preferably from -30 to 50''C, particularly preferably 
from -25 to 35**C, 

Dropping time is not particularly restricted, and usually from atx)ut 30 minutes to about 6 hours. After completion 
of tiie reduction, post reaction may be further conducted at a temperature of 20 to 120*'C, 

so When the organic silicon compound (b) is used, the amount of the organic silicon compound (b) used is preferably 
1 to 500, more preferably 1 to 300, particularly preferably 3 to 100 in terms of the atomic ratio of silicon atoms in tiie 
silicon compound to titanium atoms in titanium compound (a) (Si/Ti). 

The amount of the organomagnesium conrpound (c) used is preferably 0.1 to 10, more preferably 0.2 to 5.0. par- 
ticularly preferably 0.5 to 2.0 in terms of the atomic ratio of titaniums atom plus silicon atoms to magnesium atoms ((Ti 

55 + Si)/Mg). Namely, the amounts of the titanium compound (a), tiie organic silicon compound (b) and organomagnesium 
compound (c) used may be determined so that the value of m is preferably 1 to 51 , more preferably 2 to 31 . particularly 
preferably 4 to 26. the m indicating molar ratio Mg/Ti in the composition formula Mg„TiXp[Py]q of the solid catalyst com- 
ponent (A), 

When the organic porous polymer (d) is used as a canrier, tiie amount of the carrier used is in tiie range of prefer- 
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ably from 20 to 90% by weight, more preferably from 30 to 80% by weight based on the solid product. 

A mixture containing the solid product obtained in the reduction is subjected to solid-liquid separation and wished 
several times with an inert hydrocartx)n solvent such as hexane or heptane to obtain a solid catalyst conponent pre- 
cursor (D). 

5 Thus obtained solid catalyst component precursor (D) contains trivalent titanium, magnesium and a hydrocarbyloxy 
group, and usually shows non-crystal linity or extremely weak aystallinity. Tbe precursor having non-crystalline struc- 
ture is particularly preferakrie from the view point of catalytic efficiency. 

(f) Synthesis of solid catalyst component (A) 

10 

The solid catalyst component precursor (D) containing Mg. Ti and OR group obtained in the at>ove-described (e) is 
reacted with, for example, a mixture of the cyclic organic nitrogen compound (C) and the titanium compound (E) having 
at least one Ti-halogen bond or a mixture of the cyclic organic nitrogen compound (C). the titanium compound (E) hav- 
ing at least one Ti-halogen bond and an electron donative compound, or with the cyclic organic nitrogen conripound (C) 
15 and the titanium compound (E) having at least one Ti-halogen bond successively or the cyclic organic nitrogen com- 
pound (C), the titanium compound (E) having at least one Ti-halogen bond and an electron donative compound, suc- 
cessively, to produce the solid catalyst component (A). As the order of the reactions, the cyclic organic nitrogen 
compound (c) may be reacted first or the titanium compound (E) may be reacted first, it is more preferable to react the 
cyclic organic nitrogen compound (C) prior to the titanium compound (E). Also, the titanium compound (E) and the 
20 cyclic organic nitrogen compound (C) may be reacted previously, than reacted with the solid catalyst component pre- 
cursor (D). Moreover, reactions above may be repeated twice or more. 

In the following description, explanation is made with respect to the method in which the cyclic organic nitrogen 
compound is reacted first. 

The amount of the cyclic organic nitrogen compound (C) used is usually 0.1 to 1000 mmol. preferably 0.3 to 500 

25 mmol, particularly preferably 0.5 to 300 mmol per 1 g of the solid catalyst component precursor (D). In other word, the 
amount of the cyclic organic nitrogen compound used may be determined so that the value of q is in the range of from 
0.1 to 10. the q indicating molar ratio of the cyclic organic nitrogen compound/Ti in the composition formula Mgm- 
TiXp(Py]q of the solid catalyst component (A). From the view point of reduction in the amount produced of lower molec- 
ular weight components, the range of q is preferably 0.3 ^ q ^ 5.0, more preferably 0.5 ^ q !^ 4.0. 

30 The treatment of the solid catalyst component precursor (D) with the cyclic organic nitrogen compound (C) may be 
carried out by any known means which can contact the both compounds such as a mechanical milling means such as 
a ball mill, or according to the slurry method. However, the mechanical milling means is not preferable from the indus- 
trial point of view since when mechanical milling is conducted, the obtained solid catalyst component (A) contains a 
large amount of fine powder and has a wide particle size distribution. It is preferable to contact the both compounds in 

35 the presence of a diluent (slurry method). 

As the diluent, an aliphatic hydrocarbon such as pentane. hexane. heptane or octane, an aromatic hydrocartx}n 
such as benzene, toluene or xylene, an alicydic hydrocartx>n such as cyclohexane or cydopentane or a halogenated 
hydrocarbon such as 1 ,2-dichloroethane or monochlorobenzene can be used. 

The amount of the diluent used is not particularly restricted, and it is preferably 0.1 ml to 1000 ml, more preferably 

40 1 ml to 100 ml per 1 g of the solid catalyst component precursor (D). Treating temperature is preferably -50 to 150°C, 
more preferably 0 to 120''C. Treating time is also not particularly restricted, and preferably 1 minute to 3 hours. After 
completion of the treatment, there is obtained a solid treated with the cyclic organic nitrogen compound. At this stage, 
the cyclic organic nitrogen compound treated solid may be used for the following reaction after isolated, or as it is in the 
slurry state without isolation. 

45 Next, the cyclic organic nitrogen compound treated solid obtained in the above-described method is reacted with 
the titanium conpound (E) having at least one Ti-halogen bond. In this reaction, the reaction may be carried out in the 
coexistence of an electron donative compound. 

As the titanium compound (E) having at least one Ti-halogen bond, a titanium compound having at least one Ti-CI 
bond is preferable. Specifically, titanium halides, titanium alkoxide halides and titanium amide halides are listed, and 

50 titanium tetrachloride is especially preferable in the point of catalytic efficiency of the catalyst obtained. 

The electron donative compound means a compound containing an atom having a unshared electron pair such as 
oxygen and nitrogen other than the cyclic organic nitrogen compound (C), and the example includes an ethers, ketones, 
eaters, carboxylic adds, amines arxJ amides. Among these, ethers are preferred. As the specific example, there are 
preferably illustrated dialkyi ether such as diethyl ether, di-n-propyl ether, diisopropyl ether, di-n-butyl ether, dineopentyl 

55 ether, di-n-hexyl ether, di-n-octyl ether, methyl n-butyl ether, methyl isoamyl ether and ethyl isobutyl ether. Among them, 
di-n-butyl ether, and isoanyl ether are particularly preferable. 

The reaction with the titanium compound (E) is preferably carried out in a slurry state. As a solvent used for making 
slurry, an aliphatic hydrocarbon such as pentane. hexane, heptane, octane or decane, an aromatic hydrocarbon such 
as toluene or xylene, an alicydic hydrocarix)n such as decalin, cyclohexane, methylcyclohexane or a halogenated 



6 



EP0768 322A1 

hydrocartx)n such as dichloroethane, trichloroethane, trichloroethylene, monochlorobenzene. dichlorobenzene or 
trichlorobenzene is listed. 

The slurry concentration is preferably from 0.05 to 0.5 g solid/ml solvent, more preferably from 0.1 to 0.4 g solid/ml 
solvent 

5 The reaction temperature is preferably from 30 to 150°C. more preferably from 45 to 120<*C, especially preferably 
from 60 to 1G0**C. The reaction time is not particularly restricted, and usually from 30 minutes to 20 hours. 

The reaction of the titanium compound (E) with the cyclic organic nitrogen compound treated solid may be repeated 
twice or more. 

For addition of the cyclic organic nitrogen compound treated solid and the titanium compound (E), any of the fol- 
10 lowing methods can be adopted: a method in which the titanium compound (E) is added to the cyclic organic nitrogen 
compound treated solid; and the cyclic organic nitrogen compound treated solid is added to a solution of the titanium 
compound (E). 

Addition of the electron donative compound and the titanium compound (E) to the cyclic organic nitrogen com- 
pound treated solid may be preferat^ly carried out by adding the electron donative compound and the titanium com- 
15 pound (E) previously mixed to the the cyclic organic nitrogen compound treated solid or by adding simultaneously the 
electron donative compound and the titanium conpound (E) to the cydic organic nitrogen compound treated solid. 

The amount of the titanium compound (E) used is preferably from 0.1 to 1000 mmol, more preferably from 0.3 to 
500 mmol, particularly preferably from 0.5 to 300 mmol per 1 g of the cyclic organic nitrogen compound treated solid. 
Namely, the amount of the titanium compound (E) used may be preferably determined so that the value of q indicating 
20 a molar ratio of the cyclic organic nitrogen compound/Ti is from 0.1 to 10, the value of p indicating a molar ratio of hal- 
ogen/Ti Is 5 < P <106, and m and p have values which satisfy the inequality m<p. in the composition formula Mg^. 
TiXp[Py]q of the solid catalyst component (A). From the viewpoint of catalytic efficiency, 1 .5m < p is more preferable and 
2m < p is particularly preferable. 

The solid catalyst component (A) obtained in the above-described method is separated to solid and liquid and 
25 washed several times with an Inert hydrocartx)n solvent such as hexane or heptane before used for polymerization. 

After separation to solid and liquid, washing may preferably be conducted once or more at a temperature of 50 to 
120*^0 with a large amount of a halogenated hydrocarbon solvent (e.g. monochlorobenzene) or an aromatic hydrocar- 
bon (e.g. toluene, xylene) further washing may be repeated several times with an aliphatic hydrocarbon solvent (e.g. 
hexane), before used for polymerization. 
30 Thus obtained solid is used as the solid catalyst component (A). 

(B) Organoaluminum compound 

The organic aluminum compound (B) used in combination with the above-mentioned solid catalyst component (A) 
35 in the present invention is a compound having at least one Al-cartx)n bond in its molecule. 
Representative examples are shown below by the general formulae: 

R^^rAIY3^:and 

40 R^3r14;^.(O.AIR15)^ R16 

Herein, each of R^^, R^^, R""*, R^^ and R^^ is a hydrocartx)n group having 1 to 8 carbon atoms. Y is a halogen 
atom, a hydrogen atom or an alkoxy group having 1 to 8 cart)on atoms, y is a number satisfying 2 ^ y ^ 3. d is a number 

satisfying 1 ^ d < 30. 

45 The specific examples of the organoaluminum compound include a trialkylaluminum such as triethylaluminum, tri- 
n-butylaluminum. triisobutylaluminum and tri-n-hexylaluminum. a dialkylaluminum hydride such as diethylaluminum 
hydride, di-n-butylaluminum hydride, diisobutylaluminum hydride and di-n-hexylaluminum hydride, a dialMaluminum 
halide such as diethylaluminum chloride, di-n-butylaluminum chloride, diisobutylaluminum chloride and di-n-hexylalumi- 
num chloride, a mixture of a trialkylaluminum and a dialkylaluminumhalide. an alkylalumoxane such as tetraethyldialu- 

50 moxane. tetra-n-butyldialumoxane. polymethylalumoxane and polyethylalumoxane. 

Among these organoaluminum compounds, a trialkylaluminum, a mixture of a trialkylaluminum and a dialkylalumi- 
num halide, an alkylalumoxane are preferable, and especially, triethylaluminum, tri-n-butylaluminum, triisobutylalunti- 
num. tri-n-hexylaluminum. a mixture of triethylaluminum and diethylaluminum chloride, and tetraethyldialumoxane are 
preferable. 

55 The amount of the organoaluminum compound (B) used can be selected in the wide range such as 1 to 1000 mole 
par 1 mole of titanium atom in the solid catalyst component (A), and the range of 5 to 600 mote is particularly preferable. 
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[Preliminary polymerization] 

The solid catalyst component (A) of the present invention is preferably praliminarily polymerized before use for 
main polymerization (referred to simply as "polymerization** hereinaftar). The preliminary polymerization is carried out 
5 by contacting the solid catalyst component with the above-described organoaluminum compound (B) and an olefin. 

As the olefin, ethylene, propylene, and butene-1 are listed. The preliminary polymerization may be canried out in 
either homopolymerization or copolymerization. 

To obtain a prepolymer of high aystallinity, a known electron donor and hydrogen may coexist As the electron 
donor, an organic compound having an Si-OR kx>nd (wherein R indicates a hydrocartxyi group having 1 to 20 cartx>n 
10 atoms) may preferably be used. 

In preliminary polymerization of the solid catalyst component (A) of the present invention, the component (A) is 
preferably made to a slurry, and the solvent for making the slurry includes an aliphatic hydrocartx>n such as kxjtane, hex- 
ane and heptane or an aromatic hydrocartx)n such as toluene and xylene. 

The concentration of the slun-y is preferably from 0.001 to 0.5 g solid/ml solution, more preferably from 0.01 to 0.3 
15 g solid/ml solution. Further, it is preferable to use the organoaluminum compound so that Al/Ti molar ratio is usually 
from 0.1 to 100. particularly from 1 to 10. 

The preliminary polymerization is preferably carried out at a temperature of -30 to 80*'C, more preferably -10 to 

It is preferable tiiat tiie amount of tiie preliminary polymerization is usually 0.1 to 100 g, particularly from 0.5 to 50 
20 g per 1 g of the solid catalyst component (A). 

[Production of olefin polymer] 

in the present invention, one or more kinds of olefins can be polymerized using the above-mentioned solid catalyst 
25 component (A) or the preliminarily polymerized solid catalyst component and tiie organoaluminum compound (B). 
One of specific embodiment in the main polymerization is explained below. 

Feeding of the solid catalyst component and the organoaluminum compound to a polymerization vessel is not par- 
ticularly restricted except feeding those with an Inert gas such as nitrogen, argon or the like, hydrogen, an olefin or the 
like in a water-free state. 

30 The solid catalyst component and the organosduminum compound may be fed separately, or may be previously 
contacted before fed. 

The polymerization can be conducted by known mettiods such as gas phase polymerization, slurry polymerization 
and the like. 

The polymerization is preferably carried out at a temperature lower than the temperature at which tiie produced pol- 
35 ymer melts, more preferably in the range of from 20 to 100**C. particularly preferably of from 40 to 90**C under pressure 

in the range of ordinary Pressure to 40 kg/cm^. Further, in the polymerization, hydrogen may be added as a molecular 

weight regulator. The polymerization can be carried out continuously or batch wise. 

The olefin which can be applied for the present invention has two or more carbon atoms, and the specific example 

thereof includes etiiylene and a-olefines having 3 or more carbon atoms, preferably ethylene and a-olef ines having 3 
40 to 20 carbon atoms such as propylene, butene-1, pentene-1. hexene-1, 3-methyl-pentene-1 and 4-methyl-pentene-1. 

In the present invention, homopolymerization of tiie olefin or copolymerization of 2 or more kinds of olefins is possible. 

Particularly, copolymerization of ethylene with one or more kinds of said a-olef ins is preferable. In tiiis case, an ethylene 

copolymer can be produced by contacting the catalyst with a mixture of etiiylene and one or more kinds of said a-de- 

fins. 

45 

EXAMPLES 

The present invention is explained in detail using the following examples, but ii not limited thereto. 
Properties of polymers in the examples wore measured according to the following methods. 

so 

(1) Density was measured according to JIS K-6760. 

(2) Row rate (FR) was measured at ISO^'C according to ASTM D1238 

(3) Flow rate ratio (FRR) was adopted as a measure for melt f lowability. FRR is expressed as tiie ratio of tiie flow 
rate (FR) under a load of 21.60 kg to that under a load of 2.160 kg in tiie measuring method of flow rate (FR) 

55 according to ASTM D1 238. 

PPP^_ Flow rate under a load of 21 .60 kg 
~ Flow rate under a toad of 2.160 kg 
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In general, the wider the molecular weight distribution of a polymer, the higher the value of FRR. 
(4) Lower molecular weight components were evaluated by content of xylene-soluble portion at 25*'C (hereinafter, 
abbreviated as "CXS"). 

5 (5) Composition analyses were conducted by ICP emmision analysis method using Optima 3000 (manufactured t>y 
Perkin Elmer Ltd.) with respect to Tl and CI, gas chromatograph GC-7A (manufactured by Shimadzu Corporation, 
column packing: PEG 6000 10% and SHIMALITE TPA 60/80) with respect to alcohol, and gas chromatograph GC- 
7A (column packing: AMIPACK 141) with respect to a piperldine compound. 

10 Example 1 

(1) Synthesis of solid catalyst component precursor (D) 

An inner atmosphere of a 500ml flask equipped witii a stirrer and a dropping funnel was replaced with nitrogen, 
IS then, to tiiis was added 160 ml of hexane, 44 ml (196.4 mmol) of tetraethoxysilane and 4.4 ml (12.9 mmol) of tetra-n- 
kXJtoxytitanium and the resulting mixture was stirred at SO^'C for 30 minutes. 

Then, 100 ml of an di-n-butyl ether solution of n-butylmagnesium chloride (manufactured by Vliki Gosei Yakuhin 
Industry Ltd. concentration; 2.1 mole/liter) was added dropwise over one hour from the dropping funnel while maintain- 
ing the temperature of tiie flask at S^'C. After completion of the dropping, stinring was conducted for one hour at S^'C and 
20 additional one hour at 20''C, the mixture was then filtered, washing with 200 ml of hexane was repeated tiiree times, 
and drying under reduced pressure was carried out to obtain 31 .2 g of a brown solid product (solid catalyst component 
precursor (D)), The composition of the resulting solid product via Mgi4 9TiCli4.9[ORJi7.o. 

(2) Synthesis of the solid catalyst component (A) 

25 

An inner atmosphere of a flask having inner volume of 100 ml equipped with a stirrer and a dropping funnel was 
replaced witii nitrogen, tiien. to this was added 20 ml of toluene, 3.95 g of the solid catalyst component precursor (0) 
prepared in the above<Jescribed (1) and 2.4 ml of 2,6-dimethylpiperidlne (hereinafter, abbreviated as "2,6-DMP") and 
the resulting mixture was heated to 70*»C in 30 minutes. After treatment at TO^C for 30 minutes, 2.0 ml of T1CI4 was 
30 added and reaction at 95°C was canried out for 3 hours. After the reaction, tiie mixture wail separated to solid and liquid 
at 95''C, and washing witii 30 ml of toluene was repeated six times. Further, washing with 30 ml of hexane was repeated 
three times, tiien, drying under reduced pressure was conducted to obtain 3.90 g of a brown catalyst component. The 
composition of the resulting solid catalyst conponent was Mgi2.iTiCl27.o[Py]i.2- 

35 (3) Polymerization 

An inner atmosphere of an autoclave having inner volume of 3 liter equipped witii a stirrer was tiioroughly replaced 
witii argon, then, to this were added 620 g of butane, 130 g of butene-1 and hydrogen corresponding to 650 mmHg and 
the resulting mixture was heated to 70°C. Then, 6.0 kg/cm2 of etiiylene was added. The solid catalyst component 

40 (A)(25.4 mg) obtained in the above-mentioned (2) and 5.7 mmol of triethylaluminum were charged with pressure of 
argon to initiate polymerization. Then, polymerization was carried out for 3 hours at 70*'C with feeding ethylene contin- 
uously to keep the total pressure constant. 

After completion of the polymerization, unreacted nonomers were purged and 1 30 g of an polymer having an excel- 
lent powder property was obtained. Further, no polymer adhered to tiie inner wall of the autoclave and the stirrer at all. 

45 The amount of the polymer produced per 1 g of titanium atom (catalyst activity) was 197,000 g polymer/g titanium 
which means very high catalyst activity. Further, in this polymer, tiie density was 0.9183 g/cm3, FR was 0.72 g/10 min- 
utes, FRR was 27.6 and CXS was 10.6% by weight and tiie content of lower molecular weight components was small. 

Comparative Example 1 

so 

Polymerization was carried out in the same manner as in Example 1 except that 100 mg of the solid catalyst com- 
ponent precursor (D) syntiiesized in Example 1 (1) was used instead of tiie solid catalyst component (A) in Example 1 

(3) . The result is shown in Table 1 . The amount of a polymer produced was small. 

55 Comparative Example 2 

A solid catalyst components was prepared in tiie same manner as in Example 1 (2) except that 2,6-DMP was not 
used and polymerization was carried out in tiie same manner as in Example 1 (3) except using this solid catalyst com- 
ponent The result is shown in Table 1 . Though catalyst activity was high like in Example 1 , the obtained polymer con- 
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tained a very large amount of lower molecular weight components. 
Example 2 

5 A solid catalyst component was prepared and polymerization was carried out in the same manner an in Example 
1 except that the amount of the solid catalyst component precursor (D) was changed to 6.09 g and the amount of the 
2.6-DMP was changed to 2.7 ml in Example 1 (2). The result is shown in Table 1. The catalyst activity was very high, 
and the obtained polymer contained a small amount of lower nwlecular weight component. 

10 Example 3 

(1) Synthesis of the solid catalyst component (A) 

An inner atmosphre of a flask having inner volume of 100 ml was replaced with nitrogen, then, to this were added 
15 21 ml of toluene. 2.0 ml of TiCU and 1 .9 ml of 2,6-DMP and the resulting mixture was reacted for one hour at room tem- 
perature to prepare a reaction solution. An inner atmosphre of a flask having inner volume of 100 ml equipped with a 
stinrer and a dropping funnel was replaced with nitrogen, then, to this were added 14 ml of toluene and 7.55 g of the 
solid catalyst component precursor (D) synthesized in Example 1 (1) and the resulting mixture was heated to TO^'C. 
After reaching to 70''C. the previously prepared reaction solution was added and the resulted mixture was heated to 
20 9S^C and reacted for 8 hours. After the reaction, the mixture was separated to solid and liquid at 95''C and washing with 
38 mi of toluene was repeated three times. Then. 40 ml of toluene was added, heated to 70°C. TiCU (1.89 ml) was 
added, heated to 95''C, and reaction was carried out for one hour. After the reaction, the mixture was separated to solid 
and liquid at 95^0, and washing with toluene (38 ml) was repeated five times. Further, washing with 28 ml of hexane 
was repeated twice at room temperature, drying under reduced pressure was conducted to obtain 8.05 g of a solid cat- 
25 alyst component. The composition of the resulting solid catalyst component was Mgg ^ TiClis.APyli a- 

(2) Polymerization 

An inner atmosphere of an autoclave having inner volume of 3 liter equipped with a stirrer was tiioroughly replaced 
30 with argon, then, to this were added 610 g of n-butane. 140 g of txitene-l and an amount corresponding to 840 mmHg 
of hydrogen and tiie resulting mixture was heated to 70''C. Then. 6.0 kg/cm2 of ethylene was added. The solid catalyst 
component (A)(4.8 mg) obtained in the above-mentioned (1) and 5.7 mmol of tri-n-butylaluminum were charged with 
argon pressure to Initiate polymerization. Then, polymerization was carried out for 3 hours at 70*^0 with feeding ethyl- 
ene continuously while maintaining the total pressure constant. 
35 After completion of the polymerisation, unreacted monomers were purged and 82 g of an polymer having an excel- 
lent powder property was obtained. Further, no polymer adhered to the inner wall of the autoclave and the stirrer at all. 

The catalyst activity was very high an 389,000 g polymer/g titanium. Further, in this polymer, the density was 
0.91 98 g/cm^, FR was 0.68 g/1 0 minutes. FRR was 30.7 and CXS was 4.9% by weight, and the content of lower molec- 
ular weight components was small. 

40 

Exarnple 4 

(1) Synthesis of solid catalyst component precursor (D) 

45 An inner atmosphere of a flask having inner volume of 1000 ml equipped with a stirrer and a dropping funnel was 
replaced witii nitrogen, then, to this were added 51 .0 g of a styrene-divinylbenzene copolymer (the average particle size 
was 37^m, and as the result of measurement by a porosimeter, the micro pore volume (cc/g) for the micro pore radius 
in the range between 100 and 5000A (hereinafter, abbreviated as dVp) was 1 .05 cc/g) which was dried for 5 hours at 
80**C, 250 ml of heptane, 47.5 ml (228 mmol) of tetraethoxysilane and 4.5 g (13,2 mmol) of tetra-n-butoxytitanium and 

so the resulting mixture was stirred at 30°C for 30 minutes. 

Then, 114 ml of an di-n-butyl ether solution of n43utylmagnesium chloride (manufactured by Yuki Gosei Yakuhin 
Industry Ltd. concentration; 2. 1 mole/lrter) was added dropwise over one hour from a dropping funnel while maintaining 
the temperature of the flask at S^'C. After conrpletion of the dropping, stinring wan conducted for one hour at S^'C and 
additional one hour at 20 ^'C, tiie mixture was tiien filtered, washing with 300 ml of hexane was repeated three times, 

55 and drying under reduced pressure was conducted to obtain 85.2 g of a brown solid product (solid catalyst component 
precursor (D)). The composition of tiie resulting solid Product was Mg^7 9TiCli7.9[OR]2o.9- 
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(2) Synthesis of solki catalyst component (A) 

An inner atmosphere of a flask having inner volume of 100 ml equipped with a stirrer and a dropping funnel was 
replaced with nitrogen, then, to this were added 29 ml of toluene and 5.7 g of the solid catalyst component precursor 

5 (D) produced in the above-described (1) and the resulting mixture was heated to SS'^C in 30 minutes. Then, 2.6 ml of 
2,6-DMP was added, and treatment at 95**C was carried out for 30 minutes, then 42.9 ml of T1CI4 was added and reac- 
tion at 95 ""C was carried out for 3 hours. After completion of the reaction, the mixture was separated to solid and liquid 
at 95*C, and washing with 30 ml of toluene was repeated six times. Further, washing with 30 ml of hexane was repeated 
three times, then, drying under reduced pressure was conducted to obtain 5.43 g of a brown solid catalyst component 

10 (A). The composition of the resulted solid catalyst component was Mg4.46TiCli 1 sdPvh .48- 

(3) Polymerization 

An inner atmosphere of an autoclave having inner volume of 3 liter equipped with a stinrer was fully replaced with 
15 argon, then, to this were added 650 g of butane. 1 50 g of butane-1 and 650 mmHg of hydrogen and the resulting mix- 
ture was heated to 70°C. Then. 6.0 kg/cm^ of etiiylene was added. The solid catalyst component (A)(29.4 mg) obtained 
in the above-mentioned (2) and 5.7 mmd of triethylaluminum were charged with argon pressure to Initiate polymeriza- 
tion. Then, polymerization was carried out for 3 hours at 70''C with feeding ethylene continuously while maintaining the 
total pressure constant. 

20 After conpletion of tiie polymerization, unreacted monomers ware purged and 76 g of an polymer having an excel- 
lent powder property and a high bulk density of 0.35 g/cm3 was obtained. Furtiier, no polymer adhered to the inner wall 
of tiie autoclave and the stirrer at all. 

The catalyst activity was very high as 132,000 g polymer/g titanium. Further, In this polymer, tiie density was 
0.91 79 g/cm^. FR was 1 . 1 9. FRR was 26.4 and CXS was 9.4 %. and the content of lower molecular weight component 

25 was small. 

Comparative Example 3 

Polymerization was carried out in the same manner as in Example 4 except that 100 mg of the solid catalyst com- 
30 ponent precursor (D) syntiiesized in Example 4 (1) was used instead of the solid catalyst component (A) in Example 4 
(3). The result is shown in Table 1 . A small amount of a polymer was produced. 

Comparative Example 4 

35 A solid catalyst componens was prepared in the same manner as in Example 4 (2) except that 2,6-DMP was not 
used and polymerization was carried out using the solid catalyst component akx>ve in the same manner as in Example 
4. The result is shown in Table 1. Though tiie catalyst activity was high as well as in Example 4. the resulting polymer 
had a high CXS and contained a large amount of lower molecular weight component. And tiie bulk density of polymer 
was low as 0.21 g/cm3. 

40 

Example 5 

(1) Synthesis of solid catalyst component (A) 

45 An Inner atmosphere of a flask having inner volume of 100 ml equipped with a stirrer and a dropping funnel was 
replaced with nitrogen, tiien, to tills was added 34 ml of toluene. 6.7 g of the solid catalyst component precursor (D) 
syntiiesized in Example 1 (1) and 3.1 ml of 2.6-DMP and tiie resulting mixture was heated to 70°C over 30 minutes. 
After treatment at 70*»C for 30 minutes. 3,4 ml of TiCU was added, and reaction was conducted at 95**C for 3 hours. After 
completion of tiie reaction, the mixture was separated to solid and liquid at 9S**C. and washing witii toluene (40 ml) was 

so repeated six times. Further, washing with 40 mi of hexane was repeated three times, then drying under reduced pres- 
sure was conducted to obtain 8.21 g of a brown solid catalyst component (A). The composition of the resulting solid cat- 
alyst component (A) was Mg2.6 TiCle.y [Py]i.2- 

(2) Polymerization 

55 

Polymerization was conducted in the same manner as in Example 4 using the solid catalyst component (A) synthe- 
sized in the aboveKlescribed (1). The result is shown in Table 1 . The catalyst activity was very high and the resulting 
polymer contained a small amount of lower molecular component The polymer had a high bulk density of 0.35 g/cm^. 
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Example 6 

Polymerization was carried out in the same manner as in Example 5 except that triisobutytaluminum was used 
instead of triethylaluminum in Example 5 (2). The result is shown in Table 1 . The catalyst activity was very high and the 
resulting polymer contained a small amount of lower molecular component The polymer had a high bulk density of 0.40 
g/cm3. 

As described above, it is possible to produce an olefin polymer containing a small amount of lower molecular weight 
component with an extremely high catalyst activity in gas phase polymerization and slurry polymerization, by using the 
catalyst of the present invention. Further, it is possible to control particle form of the solid catalyst component very well 
and produce an olefin polymer having a good powder property, namely good f lowabllity containing a little fine particles. 



Table 1 





Catalyst composition 


Catalyst 
activity 


FR g/IOmin. 


FRR 


Density g/om^ 


CXSwt% 


Comparative 
Example 1 


Mgi4.9TiCli4.9tOR]i7,o 


Polymer could not be collected 


Conparative 
Example 2 


Mg3.4TiCln.5 


160.000 


1.93 


48.0 


0.9015 


25.2 


Example 2 


Mg9.2TiCl2i.3[Py]i.i 


116.000 


1.29 


25.6 


0.9164 


11.9 


Example 3 


Mg6.8'ncii8.4[Py]i.4 


389.000 


0.68 


30.7 


0.9198 


4.9 


Comparative 
Example 3 


Mgi7.9TiCli7.9[OR]20.9 


Polymer could not be collected 


ComparattveE 
xample 4 


Mg2.7^Cli9 9 


105.000 


1.73 


33.0 


0.9182 


15.2 


Example 5 


Mg2.6TiCli6.7[Py]l.2 


84.000 


0.82 


25.7 


0.9208 


6.8 


Example 6 


Ng2.6TiCli67[Py]l.2 


87.000 


0.52 


31.6 


0.9208 


4.9 



Claims 

1- A method for preparing a solid catalyst component for olefin polymerization which comprises reacting a solid cata- 
lyst component precursor (D) containing Mg, Ti and OR group (wherein R represents a hydrocartwn group having 
1 to 20 caitx)n atoms) with: 

a mixture of a cyclic organic nitrogen compound (C) and a titanium compound (E) having at least one Ti-halo- 
gen bond; 

a mixture of a cyclic organic nitrogen compound (C), a titanium compound (E) having at least one Ti-halogen 
bond and an electron donative compound: 

a cyclic organic nitrogen compound (C) and a titanium compound (E) having at least one Ti-halogen bond suc- 
cessively; or 

a cyclic organic nitrogen compound (C) and a mixture of a titanium compound (E) having at least one Ti-halo- 
gen bond and an electron donative compound successively. 

2. A method for preparing a solid catalyst component for olefin polymerization according to claim 1 . wherein the cydic 
organic nitrogen compound (C) is a 3 to 8 membered cyclic compound. 

3. A method for preparing a solid catalyst component for olefin polymerization according to claim 2, wherein the cyclic 
organic nitrogen conpound (C) is piperidine or a piperidine derivative. 

4. A method for preparing a solid catalyst component for olefin polymerization according to anyone of claims 1 to 3, 
wherein the solid catalyst component precursor (D) is a solid product obtained by reduction of an alkoxy titanium 
compound with an organomagnesium compound. 
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5. A method for preparing a solid catalyst component for olefin polymerization according to claim 4, wherein the solid 
catalyst component precursor (D) Is a solid product obtained by reduction of an alkoxy titanium compound repre- 
sented by the general formula Ti(0R^)aX4,a (R^ is a hydrocarbon group having 1 to 20 cartx)n atoms. X is a halogen 
atom, a is a nuni^er satisfying an inequality 0 < a ^ 4) with an organomagnesium compound in the absence or pres- 
ence of an organic silicon compound having an Si-O bond. 

6. A method for preparing a solW catalyst component for olefin polymerization according to anyone of aims 1 to 5, 
wherein the reduction is carried out in the presence of an organic porous polymer having an average particle size 
of 5 to 1000 iixn and a micro pore volume for a micro pore radiis of 100 to 5000A of not less than 0.1 cc/g as a 
canrier thereby fixing the solid catalyst component precursor (D) on the carrier. 

7. A method for preparing a solid catalyst component for olefin polymerization according to anyone of aims 1 to 6, 
wherein the electron donative compound is an ether compound. 

8. A method for preparing a solid catalyst component for oldin polymerization according to anyone of daims 1 to 7, 
wherein the solid catalyst component is represented by the composition formula Mgn,TiXp(Py]q pC Is a halogen 
atom. Py is a cyclic organic nitrogen compound (C), m, p and q are numbers satisfying inequalities 1 ^ m ^ 51 . 5 ^ 
p < 106, 0.1 ^ q ^ 10 and m < p). 

9. A solid catalyst component for olefin polymerization obtainable by the metiiod according to anyone of claims 1 to 8. 

10. A catalyst for olefin polymerization which comprises: 

(I) the solid catalyst component of claim 9; arxi 
(IQ an organoaluminum compound (B). 

11 . A process for producing an olefin polymer which comprises contacting an olefin with the catalyst for olefin polym- 
erization of daim 10. 

12. A process for producing an olefin polymer according to daim 1 1 , wherein the olefin is a mixture of ethylene with an 
a-olef in having 3 or more carbon atoms. 
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